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(54) High-pressure cast aluminum alloy with excellent strength and toughness, method of 
producing the same and wheel disc used the same 



(57) As a result of investigations aiming at the 
developments of high-pressure cast Al alloy for the 
wheel disc to be used for 2-piece or 3-piece wheel for 
automobiles, that improves the strength and toughness 
over the conventional cast alloys and is low in cost over 
the forged materials, and method of producing the 
same, a high-pressure cast aluminum alloy for wheel 
disc comprising Si: 0.6 - 1 .0 wt. %, Mg: 0.8 - 1 .2 wt %, 
Cu: 0.1 - 0.5 wt. %, Zn: 0.4 - 1 .2 wt. %, Mn: 0.4 - 1 .2 wt. 
%, Ti: 0.01 - 0.20 wt %, B: 0.002 - 0.04 wt % and the 
balance of Al and inevitable impurities, and a method of 
producing high-pressure cast aluminum alloy tor wheel 
disc characterized in that the melt of said alloy is filled 
into mold, and then it is solidified under a pressure of 
500 kgf/cm 2 or higher have been developed. 
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Description 

BACKGROUND OF THE INVENTION 

5 Th present invention relates to a high-pressure cast aluminum alloy for wh el disc for automobiles. In more detail, 
it provides an aluminum alloy for wheel o5sc, wherein, in the 2-piece or 3-piec wheel t hat bolts or welds a rim and a 
disc i n combinatio n, the strength and toughness improve together and the dispersion of performance inside the product 
is remarkably reducible over the conventional aluminum alloy castings, a method of producing the same and a wheel 
disc produced using this alloy. 

io The wheel for automobiles etc. is one of the important maintenance parts and high reliability is required for the 
qualities such as strength and impact resistance. Recently, from the viewpoints of running stability of vehicles and light- 
ening of vehicles in weight, the use of aluminum alloy wheel is penetrating in wide range. 

The aluminum alloy wheels can be roughly classified structurally into 1 -piece wheel an d 2-peace or 3- piece wheel. 
The 1 -piece wheel, in which rim portion to be attached with tire and disc portion to become a mounting portion io axle 
are cast unitedly and finished by machining, has advantages of high rigidity, reduced number of parts, etc.J Uiashow- ^ 
ever pr oblems that the chang e of design is not easy or that the management of pouring conditions becomes severer for 
pTfypntinn ffle-sfructurai detects Ttret ma y a «i use of air leakage on attaching with tire, and the least wall thick- 

ness at the nm po rtion cannot help being made thicker to some extent as well, hence tnere is a limit naturally tor tfTe 

In contrast thereto, the 2-piece or 3-piece wheel is one, wherein, with a rim obtained by flattening rolled plate, a disc 
produced separately is assembled by welding or bolting. Fig. 2 shows one example of 2-piece wheel, wherein, to the 
inner face of rim (1 0) to be attached with tire, the outer circumference of disc (1 1 ) to be mounted to axle is welded to fix. 

The rim of wheel of this type has an advantage that, since it uses aluminum alloy strip with good accuracy of plate~~l 
thickness, little internal defects and rich malleability as a prime material, the reliability of air tightness on having / 
25 attached with tire is high and, even in the case of emergency of colliding with sidewalk etc. during running, it only causes / 
the deformation and reaches no great accident such as damage. ^7 
In this way. the 2-piece wheel has an advantage capable of aiming at the lightening in weight even with the same - 
design of disc, since the rim can be made th inner structurally compared_wrth that of 1 -piece wheel, but there is a limit 
na turally for the thinning of wfl" nf rim material from the viewpoint of the moldabilrrY of rim, hor respon ding to the 
30 demand 01 additional lightening in weight, therefore, it is also required to simultaneously lighten the wheel disc. 

In general, the discs are divided into forged wheel disc and cast wheel disc according to the production method. 
The forged wheel disc is being produced usually by forging a continuous cast bar or extruded material of Al-Mg-Si 
type alloy, in particular, JIS 6061 or 6N0I alloy with good corrosion resistance and also excellent processibility. Such 
forging has drawbacks that, while it affords high strength and high reliability, the shape-forming freedom is low from the 
35 restriction due to molding method and, because of many processes such as preliminary molding, coarse malleating and 
finish malleating, the retention is poor and the production cost is also high. 

On the other hand, since the cast wheel allows to work-in some difference of wall thickness over the forged wheel, 
it has high shape-forming freedom and is low in cost, but, for achieving high strength and high reliability, it is required to 
pay close attention to its material quality and production method. 
40 So far, as an aluminum alloy for cast wheel, Al-Si-Mg type JlS-standardized AC4CH alloy has been used widely, in 
which, from the viewpoints of strength, toughness and corrosion resistance, small amount of Mg is added to the base 
of Al-Si type alloy with good castabilrty and the heat treatment is given to improve the mechanical properties. And, as a 
production method therefor, low-pressure casting, wherein, from the viewpoints of decrease in internal defects such as 
shrinkage cavities and curling and runnabilrty, the melt is filled at low speed and the hot top is pushed at a pressure as 
45 low as 0.1 to 0.5 atm, is adopted mainly. However, in the casting method of low solidification velocity like low-pressure 
casting, the solidification structure (dendrite cell size) becomes coarse and the coarse impurity compounds such as Al- 
Fe type become liable to crystallize as well, hence there is a problem that high strength and high toughness enough to 
make the wall thin cannot be obtained, even if heat treatment may be given after pouring. 

Recently, for solving this problem, an attempt to overcome the casting problem by high-pressure casting method is 
so made, which is put into practice for some parts by using casting alloys. The high-pressure casting method is character- 
ized in that the melt is f filed at low speed and pushed at a high pressure until the completion of solidification, and it is 
known that the generation of internal defects can be prevented considerably and, because of considerably high solidi- 
fication velocity, dendrite cell size becomes small as well to improve both strength and elongation. 

However, from the fact that these casting alloys are at lower levels of strength and toughness compared with 6000 
55 series alloys such as JIS 6061 used for forging, making it difficult to achieve stabilized performance, it is the present 
situation that the strength enough to make the wall of wh el disc additionally thin cannot be obtained at low cost. More- 
over, in th case of wheel disc, the hub portion (1 2) with thick wall, as shown in Fig. 2, becomes slower in th solidifica- 
tion velocity compared with outer circumf rential portion of disc (hereinafter written as rim portion (1 3)) and the d ndrite 
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cell size becomes large to lower the mechanical performance, h nee it is the present situation that the uniform quality 
is not being achieved throughout the internal portion of product. 

,g Th invention was made in view of the problems as d escribed above and the purpose is to provide a high-pressure 
j5^^^*"Sin ^ ni im nl lny for fljrA^ ^ Q r ifWI tnr p»ffomr>f7i|ffS. naving improved strength and toughness 

5 tnpelhnf m m cnmtn ntinnnl rnrrt nl lnvn nntHjuual HUkJmnUI Uel lorwaBGe JoJbraed materials regardless of wall thick - 
ness and being low in cost over forged r "** rials. a moifaQcU »' 1 ■■ 1 ■ '■ u Jl *\ 1 11 ^ *~* 1 ■ * M u J Hic/ i I ififirt aluminum 
al loy. 

Asa result of extensive investigations on the ingredients of aluminum alloy to be used for high-pressure casting to 

accomplish the purpose aforementioned, the inventors have known that the AC4CH alloy used widely as a casting alloy 

w is excellent in the internal quality on casting at high pressure, but it has a limit in the mechanical performance and can- 
not afford the performance beyond the forged goods now in use. Moreover, the inventors have known that the wheel 
disc is most often joined with rim by welding, thus the weldabilrty is required to some extent 

There, in consequence of additional extensive investigations on the application of malleable alloy that allows to 
anticipate the improvement in mechanical performance by heat treatment and has good weldabilrty to high-pressure 

75 casting, the inventors have known that, by casting an aluminum alloy comprising Si: 06 - 1 .0 wt. %, Mg: 0.8 - 1 .2 wt %, 
Cu: 0.1 - 0.5 wt %, Zn: 0.4 - 1 .2 wt. %, Mn: 0.4 - 1 .2 wt. %, Ti: 0.01 - 0.20 wt. %, B: 0.002 - 0.04 wt % and the balance 
of Al and inevitable impurities at high pressure, high strength and high toughness equal to those of the forging alloys 
can be obtained and the solidification structure in the internal portion of product becomes uniform and fine regardless 
of wall thickness, thereby creating low-cost cast wheel disc, while this has the product performance equal to that of 

20 forged goods and no problem in the weldabilrty, and, based on these results, the invention has been completed. 



SUMMARY OF THE INVENTION 

The high-pressure cast aluminum alloy for wheel disc of the invention is characterized by comprising Si: 0.6 - 1 .0 
25 wt. %, Mg: 0.8 - 1 .2 wt %, Cu: 0.1 - 0.5 wt. %, Zn: 0.4 - 1 .2 wt %, Mn: 0.4 - 1 .2 wt. %. Tl: 0.01 - 0.20 wt %, B: 0.002 - 
0.04 wt. % and the balance of Al and inevitable impurities. At this time, it is more effective to make the content of Mn 
over 0.6 wt % and not more than 1 .2 wt. %, and further, as a wheel disc, wheel disc for 2-piece or 3-piece is effective. 

Moreover, the method of producing high-pressure cast aluminum alloy for wheel disc of the invention is character- 
ized in that a melt of aluminum alloy comprising Si: 0.6 - 1 .00 %, Mg: 0.8 - 1 .2 wt. %, Cu: 0.1 - 0.5 wt. %, Zn: 0.4 - 1 .2 
30 wt. %, Mn: 0.4 - 1 .2 wt. %, Ti: 0.01 - 0.20 wt. %. B: 0.002 - 0.04 wt. % and the balance of Al and inevitable impurities is 
filled into mold, and then it is solidified under a pressure of 500 kgf/cm 2 or higher. At this time, it is effective to fill into 
mold making the temperature of the mett of aluminum alloy to be within the liquidus line temperature of said aluminum 
alloy plus 100 °C at the sprue portion in said mold. - 

35 BRIEF DESCRIPTION OF THE DRAWING 



40 



Fig. 1 is a sectional view showing one example of the high-pressure casting device to be used for the inventive pro- 
duction method. 

Fig. 2 is a side sectional view showing one example of 2-piece wheel. 
DETAILED DESCRIPTION OF THE INVENTION 



First, the reasons for restricting alloy ingredients will be described below. 

The inventive alloy is characterized by having ingredients comprising Si: 0.6 - 1.0 wt. %. Mg: 0.8 - 1.2 wt. %, Cu: 
45 0.1 - 0.5 wt. %, Zn: 0.4 - 1 .2 wt. %, Mn: 0.4 - 1 .2 wt %. Ti: 0.01 - 0.20 wt %. B: 0.002 - 0.04 wt. % and the balance of 
Al and inevitable impurities. 

Here, Si is added to precipitate Mg 2 Si by coexisting with Mg on the heat treatment after pouring and to obtain the 
required strength as a wheel disc, ft is required to add 0.6 wt. % or more for Si and 0.8 wt. % or more for Mg, but, if Si 
exceeds 1 .0 wt. % and Mg exceeds 1 .2 wt. %, then the corrosion resistance and toughness deteriorate, which is unpref- 
so erable. 

Cu is effective for the improvement in strength after heat treatment together with Si and Mg, but, if the addition level 
is under 0.1 wt. %, then sufficient strength cannot be obtained, while, H over 0.5 wt. %. then the weldabilrty and corro- 
sion resistance deteriorate, which is unpreferable. 

Zn has effects for forming solid solution in the matrix to improve the strength of matrix itself and for making the tex- 
55 ture of solidified cells uniform regardless of wall thickness, thus preventing the lowering of performance at thick wall 
area as well. But, if the addrti n level is under 0.4 wt. %, then said unrformalizing effect cannot b achieved en ugh, 
and, if exceeding 1.2 wt%,th n the solidification crackings r welding crackings becom liable to occur and th corro- 
sion resistanc deteriorates as well, which is unpreferable. 
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Mn forms solid solution partially in the matrix to improve the strength of matrix and becomes rod-like compounds 
of Al-Fe-Mn type as w II by bonding with needle-like Al-Fe type compounds contained as impurities to alleviate th 
notch effect, resulting in improved toughness. Her , if the addition level is less than 0.4 wt. %, then said effect cannot 
be obtained, and conversely, if allowing to contain over 1.2 wt. %, then coarse interposing materials generate to dete- 

5 riorate th mechanical performance, which is unpreferable. Besides, mor preferable range to contain Mn is ver 0.6 
wt. % and not more than 1 .2 wt. %. 

Ti and B make the cast texture fine to prevent the casting cracking on the surface layer of castings and have an 
effect for preventing the macro segregation of finally solidified portion as well. Here, if the addition levels are less than 
0.01 wt. % and less than 0.002 wt. %, respectively, then said effect cannot be obtained, and conversely, if allowing to 

10 contain over 0.20 wt % and 0.04 wt. %, respectively, then coarse interposing materials generate to deteriorate the 
m chanical performance, which is unpreferable. ^_ 
The aluminum alloy concerning with the invention is produced by high-pressure casting and, for stably obtaining 
uniform texture of solidified cells regardless of wall thickness, it is preferable to make the temperature of melt at the 
sprue portion just before filling into mold to be within the liquidus line temperature plus 1 00 °C. Here, rf the temperature 

is of mett exceeds the liquidus line temperature plus 1 00 °C, then not only said effect to unformalize the texture is difficult 
to obtain, but also the amount of dissolved hydrogen in mett becomes high, thereby the microporosity becomes liable 
to generate in the metal texture after solidification. Also, the reliability of product itself decreases, which is unpreferable. 
On the other hand, if the melt is filled at a temperature below the liquidus line, then the percentage of solid phase 
becomes high, thereby the casting pressure after filled the melt into mold becomes difficult to propagate and the local 

20 shrinkage cavities become liable to occur, which is unpreferable. 

Here, the prescription about the amount of dissolved gas that does not generate gas porosity on casting or blow 
holes on welding is not particularly made, but the pouring or welding can be performed particularly without problem by 
blowing inert gas into the melt using a commercial rotary degasser, thus making the amount of dissolved hydrogen gas 
0.2 cc/100 g or less. 

25 Moreover, the method of stably accommodating the temperature of mett at the sprue portion just before filling into 
mold to a temperature range within the liquidus line temperature plus 100 °C is not particularly restricted, but when 
injecting the melt into injection sleeve by usual ladle supply, means of coating thermal insulating material such as 
ceramic onto inner face of ladle to prevent the temperature lowering of melt, and the like are considerable. By this 
method, however, it is inevitable to drag-in the oxidized film on injecting from ladle into injection sleeve, resulting in the 

30 m chanical performance becoming unstable. As a transfer method of melt from holding furnace to injection sleeve, 
th refore, methods of using electromagnetic pump, metal pump, etc. being difficult to cause turbulent flow in the melt 
and having high injecting speed are desirable. 

Moreover, for preventing the temperature lowering of melt in the injection sleeve to the utmost until filling into mold, 
it is desirable to use an irqection sleeve with ceramic lined onto inner face that has higher thermal insulation over usual 

35 steel-made one. 

Next, upon so lidif ying the melt filled into mold, it is required to solidify under a high pressure of not lower than 50 0 
kgtfom*. If the casting pressure is under 500 kp f/nm*, then the shrinkag e cavities and casting crackings occur fr equently 
ToTemarkably dec rease tne mecnanicai performance, in particular, elongation value, which is unpreferable. 

TftcTeover, the heal lieatinent is given to the alloy of the invention depending on ilie I'e^UliuU pulormance of final 
40 product, but the conditions of heat treatment are not particularly restricted. Namely, by giving the solid solution treat- 
m nt and temper condition prescribed in JIS Standards depending on the alloy composition of the inventive aluminum 
alley, the strength, elongation and toughness can improve considerably. 

In following, detailed illustration will be made based on the examples. 



45 Example 1 



First, for the casting, a casting device shown in Fig. 1 was used. This casting device consists of product portion 
(wheel disc) (2) and melt-supplying route (3) formed in a mold (1), injection sleeve (4a) receiving a f ixed amount of melt 
and plunger chip (5) oscillating in the injection sleeve and filling and pressurizing the melt in cavity. Here, onto the inner 
so face of injection sleeve, ceramic lining (4b) is provided to prevent the temperature lowering of melt. Through the mold 
(1), water-cooling pipes (6) are put at regular intervals along the product portion (2) to make a structure that performs 
water cooling at the time of injection filling. Besides, in the diagram, numeral (8) indicates degassing portion and 
numeral (9) sprue portion. 

' Here, aluminum alloys with the compositions shown in Table 1 were molten by usual method and degassing treat- 
55 ment was carried out by Ar gas bubbling for around 20 minutes at a temperature of melt of 700 °C. Then, the pressu- 
rized castings were performed at pouring pressures shown in Tabl 2 to fabricate wheel discs with a diameter of 350 
mm and wall thicknesses of 4 to 60 mm. Here, th temperatur of melt just before pouring was measured with a ther- 
mocouple (7) installed at th product portion (2), after injected th melt into injection si eve. 
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The section of these disc castings was polished and th internal defects such as shrinkage cavities and casting 
crackings were observed under stereomtcroscope. 

Moreover, after the heat treatment (after solid solution treatment for 8 hours at 530 °C, water-cooling was per- 
formed, followed by artificial aging treatment for 8 hours at 150 °C) was given to these discs, tensile test sped men and 
5 Charpy test specimen were sampled from each rim portion with the least wall thickness and th tensile strength, yield 
point, elongation value and Charpy impact value being an index of toughness were measured. 

Furthermore, these discs were each welded with 5454 alloy rim by MIG welding (f flier material 5356) and the exist- 
ences of crackings at welded portion and blow holes were judged. 

These results are shown collectively in Table 2. 



Table 1 



20 



25 



Distinction 


Alloy No. 


Alloy composition (wt %) 


Remarks 






Si 


Fe 


Cu 


Mn 


Mg 


Zn 


Ti 


B 


Al 




Inventive alloy 


1 


0.70 


0.10 


0.25 


0.40 


1.00 


0.40 


0.05 


0.010 


Bal. 






2 


0.90 


0.06 


0.40 


0.80 


1.00 


0.80 


0.03 


0.006 


Bal. 






3 


0.90 


0.06 


0.40 


1.10 


1.00 


1.10 


0.03 


0.006 


Bal. 




Comparative 


4 


0.40 


0.10 


0.55 


0.40 


0.60 


0.00 


0.03 


0.006 


Bal. 




alloy 


5 


0.70 


0.10 


0.30 


0.01 


1.00 


0.00 


0.02 


0.004 


Bal. 


Correspond- 
ing to J IS 
6061 alloy 




6 


0.90 


0.06 


0.40 


0.25 


1.00 


0.25 


0.03 


0.006 


Bat. 






7 


0.70 


0.10 


0.30 


0.40 


1.00 


2.00 


0.00 


0.000 


Bal. 






8 


0.70 


0.10 


0.25 


1.50 


1.00 


0.40 


0.05 


0.010 


Bal. 






9 


0.90 


0.06 


0.40 


0.80 


1.00 


0.80 


0.03 




Bal. 






10 


7.50 


0.06 


0.00 


0.00 


0.35 


0.00 


0.10 




Bal. 


Correspond- 
ing to J IS 
AC4CH 
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Distinction 


Inventive 
exanple 


Comparative 
exanple 


Conventional 
exanple 

(low cast good) 



As evident from Table 2, it was id ntrfied that, with th wheel discs cast the inventive alloys under predet rmined 
casting conditions, no int rnal defects wer observed, th strength and toughness were exc II nt drastically over th 
low-pressur cast good of AC4CH alloy that has been put into practice so far and high-pressure cast goods, and the 
weldability was also equal to that of goods now in use. 
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Whereas, in the cases of alloy compositions out of the range of the inv ntion, sufficient strength and toughness ar 
not obtained and the welding crackings are liable to occur. 

Moreover, when the casting temperature or casting pressure is low, even if the alloy compositions may be within the 
range of the invention, it is seen that the internal defects such as shrinkage cavities and casting crackings generat fre- 
5 quentty, tending to deteriorat th mechanical performance. 

Example 2 

Of the wheel discs obtained in Inventive example No. 1, Comparative example Nos. 6 and 7 and Conventional 
10 example No. 12 shown in Table 2, the tensile strengths, yield points and Charpy impact values being index values of 
toughness at the rim portion with the least wall thickness and the hub portion with thick wall were measured, respec- 
tively. The results are shown in Table 3. 
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As evident from Tabl 3, it can be se n that, in the cases of low-pressure cast good of AC4CH all y that has been 
put into practice so far and high-pressure cast goods of conventional 6000-series malleabl alloy, th hub porti n with 
thick wall shows a tendency to decreas the strength, tongation and toughness over the rim portion with thin wall that 
has faster cooling velocity, whereas, with the wheel disc cast the inventive alloy under predetermined conditions, th 
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differences in the str ngth and toughness du to wall thickness are small, resulting in uniform quality throughout the 
product. 

As descrtoed, with the alloy material in accordance with the invention, the strength and toughness can improve 
together and the dispersion of the performance of material inside the product can be made remarkably small as well 
v r the conventional aluminum alloy castings, th reby it can be used suitably for th wheel of vehicles that requires the 
reliability thr ughout the product, in more detail, for the wheel discs for 2-piece wheel and 3-piece wheel, it allows to 
aim at the thinning of wall and decrease the production cost of prime material as well, and the like, exerting conspicuous 
effects industrially. 

Claims 

1 . A high-pressure cast aluminum alloy for wheel disc comprising Si: 0.6 - 1 .0 wt. %, Mg: 0.8 - 1 .2 wt. %, Cu: 0.1 - 0.5 
wt. %, Zn: 0.4 - 1 .2 wt. %, Mn: 0.4 - 1 .2 wt %, Tl: 0.01 - 0.20 wt. %, B: 0.002 - 0.04 wt. % and the balance of Al and 
inevitable impurities. 

2. The high-pressure cast aluminum alloy for wheel disc of Claim 1 , wherein the content of Mn is made to be over 0.6 
wt. % and not more than 1 .2 wt %. 

3. The high-pressure cast aluminum alloy for wheel disc of Claim 1 or 2, wherein the wheel disc is a wheel disc for 2- 
piece or 3-piece wheel. 

4. A wheel disc for 2-piece or 3-piece wheel produced from the aluminum alloy of any of Claim 1 , 2 or 3. 

5. A wheel joined the wheel disk of Claim 4 with a rim by welding or bolt nut. 

6. A method of producing high-pressure cast aluminum alloy for wheel disc comprising the steps of filling a melt of alu- 
minum alloy comprising Si: 0.6 - 1.0 wt. %, Mg: 0.8 - 1.2 wt. %, Cu: 0.1 - 0.5 wt. %, Zn: 0.4 - 1.2 wt. %, Mn: 0.4 - 
1 .2 wt. %, Tl: 0.01 - 0.20 wt. %, B: 0.002 - 0.04 wt. % and the balance of Al and inevitable impurities into mold, and 
then solidifying it under a pressure of 500 kgt/cm 2 or higher. 

7. The method of producing high-pressure cast aluminum alloy for wheel disc of Claim 6, wherein the temperature of 
the melt of aluminum alloy is made to be within the liquidus line temperature of said aluminum alloy plus 100 °C at 
the sprue portion in mold to fill into said mold. 
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